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Abstract 
The effect of R-134a filling ratio and adiabatic length on thermal efficiency of the long heat pipe are investigated. An 
experimental heat pipe is fabricated from the straight copper tube having an inner diameter of 11.3 mm. The 
evaporator and condenser length are 100 mm. The R-134a used as the working fluids filled in the heat pipe was 
tested. Filling ratios of the working fluid to heat pipe volume at 10, 15 and 20% and input heat flux rates of 1.97 to 
9.87 kW/m2 were carried out in order to determine the thermal efficiency and optimum condition.  The inlet cooling 
water temperature was kept constant at 20oC. The adiabatic lengths of heat pipe for these experiments were 300, 500 
and 700 mm (adiabatic length ratios 0.60, 0.71 and 0.77). The results show that the filling ratios have more 
significant effect on the thermal efficiency than adiabatic length. The optimum filling ratio of 15% and 5.92 kW/m2 
of heat flux are found to be favorable at shorter adiabatic length. 
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Nomenclature 
 
AR adiabatic length ratio (ratio of adiabatic section length to total length of heat pipe) 
pc  specific heat of water (kJ/kg.K) 
e  heat pipe thermal efficiency (%) 
I  electrical current (A) 
adiaL  adiabatic section length (mm) 
totalL  long distance of heat pipe (mm) 
m   mass flow rate of  coolant water at condenser (kg/s) 
inQ  heat input from electric heater (W) 
outQ  energy removed at the condenser section (W) 
expR  overall thermal resistance of thermosyphon (K/W) 
cT  average temperature of condenser section (oC) 
eT  average temperature of evaporator section (oC)  
inwT ,  inlet temperature of coolant water at condenser (oC) 
outwT ,  outlet temperature of coolant water at condenser (oC) 
V  electrical voltage (V)
 
1. Introduction 
A long heat pipe has been used for special application in the various heat transfer devices. The 
conditions of heat pipe design depending on characteristics of the devices. The design objective is to high 
effectiveness of heat pipe. And various parameters has affect on the heat transfer performance of heat 
pipes were studied. Based on the experimental results of former researchers, The heat pipe filled with 
nanofluids to enhancement efficiency was proposed by Zhen-Hua Liu et al. [1] with the working fluid 
charge fixed at 50% of the evaporator volume the adiabatic ratio is 0.28. Silver nano-fluid charge 20, 40, 
60 and 80% of evaporator volume and adiabatic length ratio is 0.66; it found that the filled ratio 60% is 
the most suitable experimental by Yu-Hsing Lin et al. [2]. The titanium nanofluids charge 50, 66 and 75% 
of evaporator volume to study by Naphon et al.  [3] the adiabatic length ratio is 0.33, the optimum 
condition is 45o tilt angle and 66% charge filled. R11-nanoparticles mixtures propose by Naphon et al. [4] 
the working fluid charge 25, 37.5, 50 and 66% of evaporator volume and adiabatic length ratio is 0.33; it 
found that the optimum condition is 60o tilt angle and 50% charge filled. The heat pipe filled with 
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distilled water proposed by Noie [5] with filled ratio are 30, 60 and 90% of evaporator volume the 
adiabatic length ratio are 0.22, 0.29 and 0.37, filling ratio 60% is the optimum charge filled. Nitrogen is 
the working fluid experimentally by Jiao et al. [6] the filling ratio is 4.5-20.2% of total volume and 
adiabatic length ratio 0.4 and 0.75, it found that the optimum charge filled must be more than 10%. The 
filling ratio is 0.21-1.41 times of evaporator volume proposed by Long and Zhang [7] with adiabatic 
length ratio is 0.18, the filling ratio 1.02 is the optimum charge filled. Refrigerant is the working fluid 
filled with FC-84, FC77 and FC-3283 studied by Jouhara and Robinson [8] as filling ratio 1.38 times of 
evaporator volume and adiabatic length ratio is 0.5. R-134a filled 25-100% of evaporator volume 
proposed by Grooten and Geld [9] the adiabatic length ratio is 0.12, the results show that the 62% filled 
ratio is optimum charge filled. The R-134a filling ratio is 0.35-0.8 of evaporator volume and adiabatic 
length ratio is 0.23 proposed by Ong and Alahi [10], the optimum filling ratio is 0.8. R22, R123, R134a, 
ethanol and water as the working fluids. Payakaruk et al. [11] proposed that the filling ratio are 50, 80 and 
100% of evaporator volume while the aspect ratios are 5, 10, 20, 30 and 40; it found that the optimum 
condition is 50% of filling ratio, Le/d of 5 and tilt angle is 40o. Long heat pipe with adiabatic length 
between 0.7 to 1.8 m proposed by Arab et al. [12] the distilled water as working fluid with filling ratio 30, 
50 and 70%, and filling ratio 70% results to high efficiency of heat pipe. Air heat exchangers with long 
heat pipe to studied by Hagens et al.[13] the filling ratio of R-134a 19 and 59%, heat pipe is long 1.5 m 
and adiabatic length ratio is 0.15, the optimum filling ratio is 19%. Experimentally thermosyphon solar 
collector by Nada et al. [14] with a copper tube 0.92 m of length, adiabatic length ratio is 0.15. A solar 
collector with wickless heat pipe proposed by Hussein et al. [15] was charge filled with distilled water 10, 
20 and 35%, heat pipe is long 1.5 m and adiabatic length ratio is 0.03, the optimum filling ratio is 10% for 
the elliptical cross section tube and 20% for the circular cross section tube. R-134a refrigerant as the 
working fluid experimental by Ibrahim et al. [16] to study the heat transfer characteristics of a rotating 
triangular thermosyphon with total length of pipe of 1500mm, adiabatic length ratio is 0.2 and filling 
ratios are of 10, 30 and 50 of the evaporator section volume. The thermosyphon are obtained at the filling 
ratio of 30 %.  
The results of former researchers were presented the effect of filling ratio on thermal efficiency of heat 
pipe with different design to study. No measurements with heat pipe that long adiabatic (adiabatic length 
ratio is higher than 0.5) have been found in literature except those [2] and [6]. The objective of this paper 
is to study the effect of filling ratio and adiabatic length on the thermal efficiency of long heat pipe with 
R-134a as the working fluid. And the optimum of filling ratio of long heat pipe that it has adiabatic length 
ratio higher than 0.5. 
2. Experimental Apparatus and Test Procedure 
The schematic diagram of an experimental apparatus is shown in Fig. 1. The experimental apparatus 
loop consists of the R-22 refrigeration loop, test section, cold water loop and record data system. The 
water is chilled by refrigeration R-22 system and controlled water temperature by temperature controller. 
The close-loop of cold water consists of a 0.15 m3 storage tank and a cooling coil immersed inside a 
storage tank. When the water temperature is reached to the desired level,  the cold water is, then, pumped 
out of the storage tank passed through a flow controlled valve to test section (Condenser section), and 
return to the storage tank. The flow rates of the cold water are controlled by adjusting valve and measured 
by digital weight scale with the accuracy of ±0.01% of full scale. The test section is fabricated from 
straight copper tube with 12.7 mm outer diameter, 11.3 mm inner diameter. The evaporator section of the 
heat pipe is inserted into the cylindrical electrical heater which is supplied by 220V AC power supply, 
while the condenser section is inserted into cooling chamber. Six point type K thermocouples are installed 
in order to measure the temperature of evaporator section, adiabatic section and condenser section by 
mounting on the heat pipe outside surface wall and fixed with special glue as shown in Fig. 2. 
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Fig. 1. Schematic diagram of experimental apparatus 
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Fig. 2. Schematic diagram of test section 
 
3. Operating Condition 
The heat pipe is assigned to the same length of evaporator section and condenser section at 100 mm 
each. The adiabatic length of 300, 500 and 700 mm (adiabatic length ratio 0.60, 0.71 and 0.77 (Eq.1)) are 
tested, while the condenser section are used to condense the vapor in the pipe by supplying 20oC cold 
water from refrigeration R-22 system. Experiments are conducted with constant heat fluxes of 1.97, 3.95, 
5.92, 7.90 and 9.87 kW/m2 at tilt angle of tested heat pipe of ranged of 15, 30, 45, 60, 75 and 90o. R-134a 
filling ratio of 10, 15 and 20% of heat pipe volume were performed, while the constant heat flux was 
supplied to the evaporator section by using 220V AC electric heater. 
 
Table 1.  Accuracy and uncertainty of measurements 
 
Instruments Accuracy Uncertainty 
Thermocouple type K,  
Data logger (oC) 0.1% ±0.1 
Digital weight scales 
(1000g) 0.01% 0.01  1.0 
Digital power meter 0.1% ±0.1  1.0 
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The supplied power is calculated by multiplying the supply voltage and current measured from digital 
power meter, (Eq.2). The temperatures at each position are recorded three times by a data logger. The 
mass flow rates of cooling water are measured by the digital weight scale. The uncertainty and accuracy 
of measurement are shown in Table 1.  
 
4. Results and Discussion 
The adiabatic length ratio of the thermosyphon is calculated as follows,  
 
    
total
adia
L
LAR         (1)  
 The input power at evaporator section is calculated using the supply voltage and current measurements 
from digital power meter,  
 
    VIQin         (2) 
 
 The energy removes  the condenser section which is determined by performing an energy balance 
across the condenser section,   
 
    )( ,, inwoutwpout TTcmQ       (3) 
 
 The thermosyphon efficiency can be calculated from the ratio of cooling capacity rate of coolant and 
electric supplied power,  
 
    100x
Q
Qe
in
out         (4) 
 
 The effective overall thermal resistance of the thermosyphon  is by applying the electrical analogue in 
the form,  
 
in
ce
Q
TTRexp         (5) 
 
Fig. 3 show the variation of the heat pipe efficiency with heat pipe tilt angle at 50% charge amount of 
R-134a of adiabatic section volume. It can be seen that the heat pipe efficiency increases with increasing 
tilt angle and become decreases when the tilt angle more than 60o. The tilt angle is 60o as the tests tilt 
angle of this experimental. The effect of the different R-134a filling ratios (10, 15 and 20% of heat pipe 
volume ) and heat fluxes (from 1.97- 9.87 kW/m2) and adiabatic length ratio 0.60, 0.71 and 0.77 on  heat 
pipe thermal efficiency are shown in Fig. 4. The input power at evaporator section, the heat transfer rate 
calculates from energy removal at the condenser section and the heat pipe efficiency is  calculated from 
equation (2), (3) and (4) respectively. From Fig.4, the heat pipe thermal efficiency tends to increase with 
heat flux until 5.92 kW/m2 and after that the considerable drop in thermal efficiency is observed at these 
filling ratios. This is because the increasing of heat flux leads to an increase in evaporator temperature 
which promotes the higher evaporation heat transfer rate to working fluid.   It is also found that maximum 
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heat pipe thermal efficiency is obtained at filling ratio 15% of heat pipe volume. Considering to an 
increase adiabatic length, the experimental results show  the similar trend for thermal efficiency obtained 
from the increasing heat fluxes and filling ratios. Therefore, the heat pipe thermal efficiency tends to 
increase as the optimum heat flux increases. For adiabatic length of heat pipe, the thermal efficiency 
depends on the filling ratio, adiabatic length of heat pipe and space for the vapor of working fluid.  
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Fig. 3. Variation of heat pipe thermal efficiency with tilt angle of heat pipe for R-134a 
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Fig. 4. Variation of heat pipe thermal efficiency with heat flux for different filling ratio at adiabatic length ratio 0.77 
Fig. 5 shows the influence of heat flux on heat pipe thermal efficiency for different adiabatic length at 
filling ratio 15%. Reduction of heat pipe thermal efficiency for long adiabatic length is due to the longer 
time to flow by gravity and more liquid film of working fluid from condenser section to evaporator 
section owing to the higher vapor space of heat pipe. Therefore, the heat pipe thermal efficiency also 
depends on the adiabatic length of heat pipe. The influence of heat flux on evaporator surface temperature 
for different adiabatic length at filling ratio15% is shown in Fig. 6. The results indicate that an increase of 
heat flux leads to increase the evaporator surface temperature. This is due to high heat flux causes an 
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increase of the evaporation of working fluid leading to increase pressure in the heat pipe affecting higher 
saturation temperature of working fluid in heat pipe. However, the filling ratios of 10 and 20% are not 
found to be favorable (The data not shown).  Moreover, it is found that adiabatic length has slightly effect 
to the evaporator surface temperature. 
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Fig. 5. Variation of heat pipe thermal efficiency with heat flux for different adiabatic length at filling ratio 15% of total volume 
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Fig. 6. Variation of evaporator surface temperature with heat flux for different adiabatic length at filling ratio15% of total volume 
 
Fig. 7 shows variation of overall thermal resistance with heat flux for different adiabatic length at 
filled ratio 15% of heat pipe volume. The overall thermal resistance can be calculated from the ratio of 
different temperature between the evaporator section and condenser section and supplied power at 
evaporator section with equation (5). It can be seen that the thermal resistance tends to decrease with 
increasing heat flux. This is because the heat flux increases which results in lower of the temperature 
difference between evaporator section and condenser section. Therefore, the overall thermal resistance 
decreases since heat flux has increased. However, the filling ratio must be optimum with the heat pipe 
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volume. This is because the filled ratio which results to evaporate space and saturated temperature of 
working fluid.  
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Fig. 7. Variation of overall thermal resistance with heat flux for different adiabatic length at filling ratio 15% 
5. Conclusions 
Heat pipe technology has been used in wide variety of application in the various heat transfer devices 
especially in the electronic component. Some application of heat pipe has long distance of adiabatic 
section. The importance of heat transfer capability is limited by the filling ratio of working fluid and 
length of heat pipe, especially adiabatic section. Experimental data of the thermal efficiency of heat pipe 
at 0.60, 0.71 and 0.77 of adiabatic length ratios with R-134a working fluid and 60 degree of tilt angle at 
different heat fluxes are presented. The optimum filling ratio for each adiabatic length is 15% of heat pipe 
volume and maximum performance for 11.3 mm inner diameter and evaporator length 100 mm at 5.92 
kW/m2 of heat flux.  
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